ABSTRACT
INTRODUCTION
Replacing corn and soybean meal (SBM) with less expensive coproducts in swine diets has become economically important due to the increasing cost of corn and SBM. Copra meal, palm kernel expellers (PKE), and palm kernel meal (PKM) are coproducts from the vegetable oil industry and may potentially replace some corn and SBM in weanling pig diets. Copra meal is a coproduct of the coconut-oil industry and is often fed to poultry and pigs in subtropical and tropical countries where it is readily available (Février et al., 2001) . Palm kernel expellers are produced after the fruits of oil palm are de-oiled using mechanical extraction, whereas PKM is produced after solvent extraction of the oil from the oil palm. Use of copra meal, PKE, and PKM in weanling pig diets is of interest because these ingredients contribute both protein and energy to the diets (Agunbiade et al., 1999) . However, because these ingredients are produced in subtropical and tropical countries, the cost of transportation needs to be taken into account when evaluating the economic value of these ingredients in the United States swine industry.
Variable effects on growth performance of growing-finishing pigs fed these coproducts have been reported (Lekule et al., 1986; Rhule, 1996; O'Doherty and McKeon, 2000; Kim et al., 2001) , but it is possible that the reason for the variable results is that diets were not formulated to contain sufficient quantities of digestible nutrients and energy. However, recently values for DE, ME, and standardized ileal digestibility (SID) of AA and the digestibility of P were determined in copra meal, PKE, and PKM (Almaguer et al., 2011; Sulabo et al., 2013) . Therefore, the objective of this experiment was to test the hypothesis that copra meal, PKE, or PKM may replace some corn and SBM in diets fed to weanling pigs from approximately 9 to 20 kg of BW without negatively affecting pig performance if diets are formulated to contain equal quantities of ME, SID AA, and digestible P.
MATERIALS AND METHODS
The protocols for 3 experiments were reviewed and approved by the Institutional Animal Care and Use Committee at the University of IlliThe Professional Animal Scientist 30 ( 2014 ): [243] [244] [245] [246] [247] [248] [249] [250] [251] E ffects of using copra meal, palm kernel expellers, or palm kernel meal in diets for weanling pigs N. W. Jaworski , J. Shoulders , J. C. González-Vega , and H. H. Stein , 1 PAS Department of Animal Sciences, University of Illinois, Urbana 61801 nois. All experiments were conducted in environmentally controlled rooms at the University of Illinois at Urbana-Champaign, and pigs were housed in 1.4 × 1.4 m pens with fully slatted floors. A feeder and nipple drinker were provided in each pen, and feed and water were provided on an ad libitum basis throughout the experiments. All pigs used in these experiments were the offspring of G-Performer boars mated to F-25 females (Genetiporc, Alexandria, MN).
Each experiment used pigs weaned at approximately 20 d of age. Pigs were fed a common phase 1 diet for 14 d after weaning. In Exp. 1, 128 pigs (initial BW = 9.2 ± 1.2 kg) were randomly allotted to 4 diets that were fed for 20 d. The control diet contained corn, SBM, and 4% fish meal (Table 1) . Three additional diets were formulated by including 5, 10, or 15% copra meal in the diets at the expense of corn and SBM. All diets were formulated to contain equal quantities of ME, SID AA, and standardized total-tract digestible (STTD) P. Soybean oil and crystalline Lys, Met, Thr, and Trp were added at the expense of corn and SBM as copra meal was included in the diet to maintain equal quantities of ME and SID AA in the diets. Values for ME, SID AA, and STTD of P in corn, SBM, and fish meal were from NRC (2012), whereas values for ME and SID AA in copra meal were from Sulabo et al. (2013) and the values for STTD of P in copra meal were from Almaguer et al. (2011) . There were 4 pigs per pen and 8 replicate pens per treatment. An attempt was made to keep the barrow:gilt ratio equal among pens within a replicate. Individual pig BW was recorded at the start of the experiment, on d 10, and at the conclusion of the experiment. Daily feed allotments were recorded, and feed left in the feeders were recorded on the same day as pigs were weighed. At the conclusion of the experiment, data were summarized to calculate ADG, ADFI, and G:F for each pen and treatment group.
In Exp. 2, 128 pigs (initial BW = 9.8 ± 1.0 kg) were randomly allot- ted to 4 diets. This experiment was similar to Exp. 1 with the exception that 0, 5, 10, or 15% PKE, rather than copra meal, was included in the diets and the diets were fed for 21 d (Tables 1 and 2 ). Experiment 3 was also similar to Exp. 1 with the exception that 0, 5, 10, or 15% PKM was used (Table 1) . Also, a total of 160 pigs (initial BW = 8.4 ± 1.3 kg) were allotted to the 4 treatment diets with 5 pigs per pen and 8 replicate pens per treatment.
In each experiment, a blood sample (10 mL) was collected from one barrow and one gilt with a BW closest to the pen average on the first day and the last day of the experiment. Because pigs for bleeding were selected based on BW, it was not always the same pig that was bled at each bleeding. Blood samples were analyzed for plasma urea nitrogen (PUN).
Copra meal and PKM used in this experiment were previously analyzed for nutrients and energy. But, the PKE used in this experiment was an equal mix of the 2 sources of PKE from Costa Rica and Indonesia that were previously used (Almaguer et al., 2011; Sulabo et al., 2013;  Table 3 ).
Bulk density and water-binding capacity (WBC) of copra meal, PKE, PKM, and all diets were determined. Bulk density was measured by pouring samples into a 250-mL beaker, leveling off the top, and weighing the sample. This procedure was performed in triplicate, and a mean weight was determined (Cromwell et al., 2000) . Water-binding capacity was determined by weighing 1 g of sample into a centrifuge tube and mixing the sample with 30 mL of distilled water, and after the samples settled, they were centrifuged for 20 min at 3,000 rpm. The supernatant was removed, and sample weights were recorded. Values for WBC were expressed as the amount of water retained by the pellet (g/g; Urriola, 2010 (Holst, 1973) , and CP (Method 990.03; AOAC International, 2007) . Acid hydrolyzed ether extract (AEE) was determined in all diet and ingredient samples by acid hydrolysis using 3 N HCl (Sanderson, 1986) followed by crude fat extraction using petroleum ether (Method 2003.06, AOAC Prosky et al. (1992) . Data were analyzed using the MIXED procedure of SAS (SAS Institute Inc., Cary, NC). The model consisted of treatment as the fixed effect, and replicate was included as a random effect. The UNIVARIATE procedure was used to verify normality and to test for outliers, but no outliers were identified. Treatment means were calculated using the LSMEANS statement in SAS. Linear and quadratic effects of including increasing levels of copra meal, PKE, or PKM were determined using orthogonal CONTRAST statements. Pen was the experimental unit for all calculations, and an α level of 0.05 was used to assess significance among means.
RESULTS AND DISCUSSION

Effects of Using Copra Meal (Exp. 1)
No differences in BW, ADG, ADFI, and G:F were detected during the initial 10 d when weanling pigs were fed experimental diets (Table 4) . However, ADG, ADFI, and G:F from d 10 to 20 and final BW decreased linearly (P < 0.05) with increasing concentrations of copra meal in the diets. Cumulative ADG and ADFI also decreased linearly (P < 0.05) with increasing levels of copra meal in the diets, but overall G:F and PUN were not affected by addition of copra meal to the diets.
The apparent total-tract digestibility of GE in copra meal is less than in corn and SBM (Sulabo et al., 2013) , and thus, soybean oil was increased in diets as copra meal increased. This is demonstrated by the increased GE and AEE in the diets as concentrations of copra meal in the diets increased. Neutral detergent fiber and ADF increased as levels of copra meal increased in the diets, and increased fiber in the diets decreased the bulk density, despite the addition of fat to the diets (Table 5) . High concentrations of dietary fiber in pig diets increases bulk in the gut, thus, feed intake is reduced (Kyriazakis and Emmans, 1995) . Also, WBC increased as concentrations of copra meal increased in diets because of the capacity of fiber in copra meal to bind water. Soluble fiber has a greater capacity to bind water than insoluble fiber, and the copra meal used in this experiment contained 5.5% soluble fiber, which increases digesta viscosity and slows rate of passage, thereby reducing pig feed intake. The increased WBC and decreased bulk density that were observed as concentrations of copra meal increased in the diets are good indicators that fiber, especially the soluble dietary fiber, from copra meal is a major impediment to pig feed intake, and because of decreased ADFI, pigs had a decrease in ADG. Copra meal contains 42.2% nonstarch polysaccharides of which 29.4% is mannose (Bach Knudsen, 1997) . The presence of mannose, glucose, and galactose indicates the presence of gluco-and galactomannans, and these carbohydrates may have antinutritional properties if provided in large quantities to weanling pigs, which may also have contributed to the reduced performance. However, the fact that G:F was not affected by dietary copra meal indicates that the ME value for copra meal is accurate. There were also no differences in PUN among pigs fed experimental diets, which indicates that diets were balanced for SID AA. It was, therefore, expected that there would be no difference in PUN, indicating that values for SID AA used in diet formulations were accurate.
To our knowledge, no data have been reported on the use of copra meal in weanling pig diets. However, results of studies using growingfinishing pigs indicated that inclusion of copra meal in growing-finishing diets reduced growth performance, and growth-performance data from this experiment are in agreement with these observations (Creswell and Brooks, 1971; Thorne et al., 1988 Thorne et al., , 1990 .
In conclusion, recently published values for ME and SID of AA in copra meal appear to be accurate and can be used in diet formulation. Inclusion of copra meal in diets fed to weanling pigs does not decrease G:F if diet formulations are based on ME, but increased ADF, NDF, WBC, and soluble dietary fiber in copra meal will result in decreased ADFI, which decreases ADG.
Effects of Using PKE (Exp. 2)
No differences in ADFI or G:F were observed as pigs were fed increasing levels of PKE (Table 6 ). However, d-10 BW, d-21 BW, d-0 to d-10 ADG, and cumulative ADG decreased linearly (P < 0.05) with increasing concentrations of PKE in the diets. Plasma urea nitrogen on d 21 was linearly (P < 0.05) decreased with increasing levels of PKE.
Gross energy and AEE increased in the diets as concentrations of PKE increased because soybean oil was added because of the lower apparent total-tract digestibility of GE in PKE compared with corn and SBM (Sulabo et al., 2013; Table 2 ). Also, NDF and ADF increased in the diets as levels of PKE increased. However, the reduction in PUN that was observed as concentrations of PKE in diets increased was unexpected because diets were balanced for SID AA, and this observation indicates that values for SID AA used in diet formulations may be inaccurate for PKE. The main reason for the inaccuracy may be the fact that Sulabo et al. (2013) determined SID of AA in PKE from Costa Rica and Indonesia and in this experiment those 2 sources were mixed and average values for SID AA were used in diet formulation.
As levels of NDF and ADF increased in diets, ADFI of pigs was not affected, which is in contrast to Exp. 1. It is possible that reduced WBC of diets containing increasing concentrations of PKE compared with diets containing increasing concentrations of copra meal is the reason for this observation. These observations indicate that WBC may be more detrimental to ADFI than diet bulk because bulk density of PKE-containing diets was similar to bulk density of copra meal-containing diets. Also, the fiber composition of PKE is different from the fiber composition of copra meal, which may also have contributed to these results. Copra meal contained 5.5% soluble dietary fiber, which binds water, increasing digesta viscosity, and slows rate of passage, thereby reducing pig feed intake. In contrast, PKE contained much less soluble dietary fiber (2.6%) and greater amounts of insoluble dietary fiber (60.9%), which does not bind water well, in turn accelerating rate of passage, allowing for greater feed intake. However, the accelerated rate of passage may have reduced nutrient and energy digestibility causing PUN, overall ADG, and overall BW to decrease as concentrations of PKE increased in diets. The fact that G:F was not affected by increasing concentrations of PKE in diets indicates that the ME value for PKE that was used in diet formulation is accurate. In conclusion, recently published values for ME in PKE appear to be accurate and can be used in diet formulation. Inclusion of PKM in diets fed to weanling pigs does not decrease G:F if diets are based on ME, but BW and ADG are decreased possibly because of an accelerated rate of passage.
Effects of Using PKM (Exp. 3)
Day-10 BW, d-10 ADG, and d-10 G:F decreased linearly (P < 0.05) with increasing concentrations of PKM in the diets (Table 7) . However, no differences in BW, ADG, ADFI, and G:F were detected on d 20 and cumulatively when weanling pigs were fed diets containing increasing levels of PKM. Concentrations of PUN on d 20 decreased linearly (P < 0.05) with increasing levels of PKM in the diets.
Dietary GE and AEE increased as concentrations of PKM increased because of addition of soybean oil to compensate for the decreased apparent total-tract digestibility of GE in PKM compared with corn and SBM. Concentrations of ADF and NDF also increased in diets as levels of PKM increased, and as a result, bulk density of diets decreased as levels of PKM increased despite the fact that fat was added to the diets along with PKM. However, the increased ADF and NDF and decreased bulk density of diets containing increasing concentrations of PKM did not affect pig feed intake, further indicating that diet bulk does not affect ADFI. Also, there is a low amount of soluble dietary fiber in PKM (2.2%) and a much greater amount of insoluble dietary fiber (70.9%), further indicating that soluble dietary fiber is more of an impediment to feed intake in weanling pigs than insoluble dietary fiber. The fact that overall G:F was not affected indicates that the ME value for PKM is accurate. Although PUN decreased as concentrations of PKM increased in diets, overall pig ADG and BW were unaffected, indicating that diets were balanced for SID AA.
To our knowledge, no data have been published on the effects of including PKM in diets fed to weanling pigs. However, results of studies with growing pigs indicate that PKM may be included by up to 20% in grower diets and 30% in finisher diets without negatively affecting growth performance (Rhule, 1996) , and data from this experiment indicate that inclusion of at least 15% PKM in diets for weanling pigs does not negatively affect growth performance.
In conclusion, these results indicate that recently published values for ME and SID of AA in PKM appear to be accurate and can be used in diet formulation.
IMPLICATIONS
Results from these experiments demonstrate that if diets are formulated based on SID AA, STTD P, and ME, diets for weanling pigs may include up to at least 15% PKM without affecting overall growth performance. However, if diets contain up to 15% copra meal or PKE, pig ADG will be slightly reduced, but G:F will not be affected. The cost effectiveness of using copra meal or PKE, therefore, depends on the importance of ADG in a production system. The overall economic value of these ingredients also depends on the location of the production facility because transportation costs may make the ingredients uneconomic in some parts of the world. 
